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CHAPTER I 



INTRODUCTION 



Purpose 

The purpose of this thesis is to examine the theoret- 
ical manner in which product, storage, and tanker character- 
istics affect bulk petroleum inventory costs at military 
installations. This is being done in order to develop a 
more scientific rather than intuitive understanding of the 
interactions and relative importance of the various variable 
which are involved. The problem will be approached from a 
mathematical standpoint by constructing a model with inven- 
tory cost, the variable of interest, expressed as a function 
of certain independent variables, some of which may be cap- 
able of management manipulation or control. 

This model will be constructed in such a manner as to 
allow differentiation in order to determine the economic 
order quantity. The nature and general magnitude of the 
effect of each variable on the economic order quantity will 
be examined, over a reasonable range, and compared with the 
effects of all other variables to determine if any pertinent 
conclusions are warranted . 

The economic order quantity has been selected as the 
variable of interest because, unlike other variables, its 
contribution to the total variable cost of inventory is not 
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easily recognized. In other words, an increase in safety 
stock will obviously increase total variable costs, but it 
may either increase or decrease the economic order quantity. 
Since the order quantity also affects total variable costs, 
the net effect us not readily apparent. 

Other Work 

Studies carried out in this general area by Creole 
Petroleum Corporation indicate that models of this type fall 
generally into two classifications: the planning model and 

the operating model. Where the model is of a planning nature 
it is used to study an operation in view of anticipated 
changes. The results of these studies are interpreted and 
presented to management in the form of recommendations. 
Experience has indicated that one of the most difficult 
planning problems involving the transportation and storage 
of petroleum products is the specification of optimum pier 
facilities and tankage required at marine terminals. This 
type of model is usually extremely complex as its evalua- 
tion requires an understanding of the interaction of numerous 
cost variables and probability distributions, a Monte Carlo 
type of analysis, and the services of a high speed computor. 

The most extensive use of operational models has been 
in short range scheduling. The overall objectives of such 
a model might be to (l) minimize all terminal and transpor- 
tation costs concerned with the tanker movement of refined 
products from source of procurement to terminal, (2) meet 
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planned inventory targets, and ( 3 ) assure that the demands 
of customers are. serviced without excessive or unnecessary 
delay. Studies carried out in this area indicate that models 
of this type vary a great deal in complexity depending upon 
the circumstances. Costs which were found to be pertinent 
included the terminal cost of avoiding a runout or an excess, 
the terminal inventory carrying costs, the cost penalty for 
not meeting planned inventory targets at terminals, and the 
additional costs for multiple-port discharges. Initial anal- 
ysis also indicated that safety stocks had to be provided at 
each terminal to take into account uncertainties due to varia- 
tions in demand. 

The first step in the development of either type of 
model, as mentioned above, is an exploratory study to deter- 
mine whether or not an incentive is present for the develop- 
ment of more refined analytical procedures. This incentive 
may manifest itself in either or both of the following forms: 
(l) decreased operating or investment costs, or ( 2 ) improved 
methods of control over the operation.^ The purpose of this 
thesis is to conduct such an exploratory study but in a very 
generalized manner. 

-*-D. S. McArthur and others, "Operations Research 
Applied to Marine Transportation and Tankage Problems," 
Proceedings , Fifth World Petroleum Congress , Section VIII, 
Paper 2, Fifth World Petroleum Congress, Inc., New York, 

1959, PP. 15-19. 
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U. S. Navy Distribution System for Bulk Petroleum Products 

In order to provide a frame of reference for the 
problem to be considered, a brief and very general descrip- 
tion of the U. S. Navy distribution system for bulk petroleum 
products will be described. 

In general, the system consists of a series of product 
sources, a series of marine terminals, a series of customers, 
and a centralized control point. Product sources consist of 
commercial terminals located near refineries or major market- 
ing areas. These sources have been predetermined by purchase 
policies and may be located anywhere in the world. These 
product sources provide product to the military terminals. 

The military marine terminals serve as distribution 
points for the product received from commercial sources. 

They may supply products to other terminals or to the mili- 
tary customer. They are located on a world -wide basis with 
their size and location governed primarily by military factors. 

Military customers consist of aircraft, ships, auto- 
motive equipment, and mobile or stationary power equipment. 
Control over inventories at the marine terminals is exercised 
by the centralized control point through a system of periodic 
and situation reports submitted by each terminal. These 
reports can be generally categorized as dealing with the 
subjects of inventory, demand, tanker transportation, or 
storage capacity. Reports on inventories and historical 
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demand are generally combined and are submitted in the form 
of stock reports or financial reports on a monthly and 
quarterly basis. Tanker transportation reports are of the 
situation type only. These reports cover the details of 
tanker loadings and discharges as they occur. Storage 
reports indicate available storage at each terminal and are 
made on an annual basis. Interim storage reports are made 
as changes caused by casualties or new storage occur. 

The problem of the centralized control point is to 
receive this information and utilize it in such a manner as 
to maintain adequate product inventories at military termi- 
nals. Many factors such as storage capacity , tanker size,, 
and variation in demand combine to make a problem which is 
extremely complex. The author feels that this complexity 
has lead most people to consider the problem as insoluble; 
hence, the treatment of distribution and inventory control 
problems has been on a symptomatic basis only and has stopped 
short of determining and controlling, as much as possible, 
the basic causes underlying these problems. It is the feel- 
ing of the author that a scientific approach, as proposed 
herein, will reveal certain underlying mechanics which are 
fundamental to all problems and that the correlations 
developed in this thesis will eventually lead to more 
detailed studies of the problem. 
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Scope of Study 

The development and evaluation of the economic order 
quantity will be carried out in three separate parts with a 
single chapter being devoted to each part. Before proceed- 
ing with a brief outline of the proposed study, some overall 
assumptions and limitations will be described in order to 
establish a general frame of reference for the discussion. 

Among the problems that will not be considered is 
the one of war reserve determinations. The author feels 
that this problem is based on economic and military consider 
ations which are essentially independent of the economic 
problem that is to be evaluated in this paper. Por the 
same reason, consideration will not be given to the mili- 
tary factors governing the relative location and size of 
fuel terminals nor to local management practices dealing 
with operations and maintenance at fuel terminals. Through- 
out the study, continuous functions will be used, in lieu 
of discrete functions, due to the ease with which they can 
be manipulated. In addition, unless otherwise indicated, 
all variables w ill be assumed to be independent of time. 

The assumptions and limitations, set forth above, are not 
expected to detract from the usefulness of the generalized 
relationships which are to be developed. 

The first part of the study, to which Chapter II is 
devoted, addresses itself to the problem of developing cost 



functions which are pertinent to either the construction or 
evaluation of the cost model. A brief description will .be 
given of the criteria for determining applicable costs. Fol- 
lowing this, consideration will be given to product costs 
and quantity discounts, unit tanker transportation costs, 
carrying costs associated with inventory holdings, and stor- 
age space costs. Cost penalties for early or late deliveries 
of product to the terminal of interest involve military con- 
siderations and will therefore not be considered. 

Chapter III is devoted to the second part of the study 
in which consideration will be given to the effects of lead 
time and uncertainty on the inventory problem. In particular, 
the following topics will be covered: variation in storage 

capacity, variation in demand, surge capacity and safety 
stock, and Inventory in transit. Reliable data on variations 
in transportation lead time is not available, so the effect 
of this variable will not be considered. The final chapter 
will be devoted to the development and analysis of the eco- 
nomic model. Pertinent variables developed in the previous 
two chapters will be combined to form a function descriptive 
of the total variable cost of inventory. This function will 
be differentiated to obtain mathematical description of the 
economic order quantity. The effects of various independent 
variables on the economic order quantity will then be evalu- 
ated and compared to determine whether or not any significant 
conclusions are warranted . 
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VARIABLE COSTS OF INVENTORY 

Description of Costs Considered 

The economic purchase or order quantity for a given 
inventory operation is determined by minimizing the total of 
all variable costs connected with that operation. ^ One might 
well ask how variable costs are identified. In this connec- 
tion, the criterion proposed by J. F. Magee appears to be 
reasonable and hence shall be used. This criterion specifies 
that variable costs shall represent only those out-of-pocket 
expenditures or foregone opportunities whose magnitudes are 
directly affected by inventory policies. 3 Thus, in a govern- 
ment operation, material, direct-labor and overhead costs 
are out-of-pocket; however, they are so stable that they can 
be considered to be independent of order size and should 
therefore not be considered as variables. On the other hand, 
tanker transportation costs are out-of-pocket and vary with 
order size as well, and therefore should be considered. Stor 
age space which is available but which cannot be used for 

^Thomson M. Whitin, The Theory of Inventory Manage - 
ment , (Second Edition), Princeton University Press, Princeton 
New Jersey, 1957., p. 57. 

3 John F. McGee, Production Planning and Inventory Con- 
trol, McGraw-Hill Book Company, Inc., 195&., P- 27. 



9 



other productive purposes may not be considered as an out- 
of-pocket expense; however, storage space which is rented 
(out-of-pocket) or which could be used for other productive 
purposes (foregone opportunity) should be considered as a 
justifiable cost.^ 

In view of the foregoing, this paper will consider 
the relative magnitude and effect on inventory costs of 
each of the following: product purchase price, price dis- 

counts for quantity purchases, tanker transportation rates, 
risk and interest factors, and storage space. In order to 
simplify mathematical treatment of costs in a later chapter, 
all cost data will be expressed either on a per-barrel basis 
or as a percentage of annual per-barrel costs. 

Product Costs and Quantity Discounts 

Table I is a listing of representative purchase prices 
for refined petroleum products in cargo lot quantities. 

These prices will be used as a frame of reference in later 
numerical examples. Quantity discount practices on cargo 
lot quantities of refined petroleum products will be assumed 
to be typified by the following dataP During fiscal year 
19d1, 4.5 per cent of the contracts for cargo liftings of 



4 Ibid. 

^Personal communication, U. S. Navy Fuel Supply 
Office, Washington, D. C., August 8, 1962. 
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petroleum products, for use by the U. S. Navy, had discount 
provisions. In terms of money value, 11.0 per cent of the 
products under contract for cargo size liftings were subject 
to quantity discounts. These discounts ranged from 1.5 to 
2.0 per cent of the base price of each contract. The above 
data suggests that although discounting does exist, the prac- 
tice is by no means widespread. Because of this and the 
small magnitude of the discounts, the problem of quantity 
discounts will not be further considered in this paper. 



TABLE I 

GULP COAST SPOT PRICES FOR CARGOES ON AUGUST 1, 1962 



Product 


$/gal. 


$/bbl. 


A.P.I. 

Gravity 


Gasoline (98 octane) 


0. llo25 a 

I 


4. 88 b 


o 2 C 


Kero sine (41-43) 


0.0925 a 


3 . 9o"° 


42 a 


Bunker C 


- 


2. 00 a 


12 C 



a, 'Price Statistics," Oil and Gas Journal , 60 : 216 , 
August 6, 1962 . 



°Computed to nearest cent. 

c Petroleum Conversion Factors and Capacity Tables for 
Logistics Planning and Reference , Office of the Assistant 
Secretary for Defense (Supply and Logistics), Petroleum 
Office, Washington 25> L. C. 
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Tanker Transportation Costs 

Generalized formulas for tanker freight rates are 
exceedingly difficult to obtain for a variety of reasons. 
First of all tanker rates are to some extent a product of 
the market place and are thus subject to the laws of supply 
and demand. As a result, single voyage tanker freight rates 
may vary by a factor as great as 5, while time charter 
freight rates may vary by a factor as great as 0.5.^ Other 
important factors which affect tanker freight rates are con- 
struction costs, crew costs, tanker size, and employment 
patterns. For example, tankers built in the United States 
cost as much as 40 or 50 per cent more than tankers built in 
foreign countries, ? while total annual crew costs on tankers 
registered in the United States are 4 to 5 times as great as 
crew costs on tankers registered in foreign countries.^ In 
general, the larger the 'size of a tanker, the smaller will 
be the unit cost of transportation. For example, the unit 
cost of transporting one long ton of petroleum in a tanker 
of 16,600 tons deadweight may be as much as 2.5 times greater 

^P. H. Frankel, "Short-Term and Long-Term Tanker 
Freight Rates and the Significance of Their Fluctuations, " 
Proceedings , Third World Petroleum Congress , Section IX, 

E. J. Brill, Leiden, Netherlands, 195lV PP • 1 39-90 • 

7h. N. Emerson, "Oil -- No. 1 Transportation Job," 

The Oil and Gas Journal , 55:230, November 18, 1957. 

®Harry Benford, "Engineering Economy in Tanker Design, 
Transactions, The Society of Naval Architects and Marine Engi 
neers, 65~7HI4-15, 1957. 



